The DNA-binding protein recombination signal binding protein-Jk (RBP-J) mediates transcriptional activation of the Notch intracellular domain (NIC). In the absence of transcriptional activators, RBP-J suppresses transcription by recruiting co-suppressors. KyoT2 is a LIM domain protein that inhibits the RBP-J-mediated transcriptional activation. Here we provide evidence that the polycomb group protein RING1 interacts with the LIM domains of KyoT2 in yeast and mammalian cells. The interaction between KyoT2 and RING1 was detected both in vitro and in vivo. By using a co-immunoprecipitation assay, we also showed that, though RING1 and RBP-J did not associate directly, the two molecules could be co-precipitated simultaneously by KyoT2, probably through the LIM domains and the RBP-J-binding motif of KyoT2, respectively. These results suggested the formation of a three-molecule complex consisting of RBP-J, KyoT2 and RING1 in cells. Moreover, we found that overexpression of RING1 together with KyoT2 in cells inhibited transactivation of RBP-J by NIC. Suppression of the NICmediated transactivation of RBP-J by RING1 was abrogated by overexpression of KBP1, a molecule that competed with RING1 for binding to LIM domains of KyoT2, suggesting that suppression of RBP-J by RING1 was dependent on its associating with KyoT2. Taken together, our data suggested that there might be at least two ways of the KyoT2-mediated suppression of RBP-J, namely competition for binding sites with transactivators, and recruitment of suppressors such as RING1.
INTRODUCTION
The Notch signaling pathway plays a pivotal role in cell fate speci®cation in development and is conserved during evolution from worm through to man (1, 2) . In Drosophila, the loss of function mutation of the Notch receptor or other essential molecules of the Notch signaling pathway during early embryogenesis leads to abnormal cell fate determination in numerous differentiation steps (3) . In mammals, the Notch signaling pathway is also critical for embryonic development, as targeted disruption of Notch1 or its downstream transcription factor RBP-J (recombination signal binding protein-Jk) in mice results in disorganization of somites and delayed closure of the neurotube, which ®nally leads to early embryonic lethality (4±6). More recently, conditional gene knock-out mice of Notch1 and RBP-J have been constructed by Radtke et al. (7) and Han et al. (8) , respectively. Phenotype analyses of these mice have demonstrated that disruption of Notch1 or RBP-J in adult mice caused abnormal differentiation of common lymphoid progenitors, resulting in blockade of T cell fate determination and induction of B cell differentiation in the thymus where normally most T lymphocytes but few B lymphocytes are generated (7, 8) . Therefore, the Notch signaling pathway also plays a critical role in the regulation of cell differentiation in adults.
Notch is a family of type I transmembrane protein that includes four members in mouse and man (Notch1±4) (1) . DNA binding protein RBP-J is the main signaling adaptor in nucleus for all the four kinds of Notch receptors (9±11). When Notch is triggered by direct interaction with its ligands, the Delta family proteins expressed on neighboring cells, the intracellular domain of the Notch receptor (NIC) is released from the membrane after receptor cleavage executed by a g-secretase-like protease (12±14). NIC translocates to nucleus and associates with RBP-J through its N-terminal RAM (RBP-J association molecule) (15, 16) domain, and transactivates promoters harboring RBP-J-binding sites through recruiting co-activators such as GCN5 and p300/CBP (17, 18) . In addition to NIC, RBP-J also mediates transactivation of Epstein±Barr (EB) virus nuclear antigen (EBNA) 2 and therefore may play a role in the immortalization of cells infected by EB virus (19, 20) .
On the other hand, in the absence of transactivators such as NIC or EBNA2, RBP-J suppresses transcription of promoters recognized by RBP-J (21) . This is mostly attributable to multiple co-suppressors and/or adaptor molecules recruited by RBP-J. Kao et al. (22) and Zhou and Hayward (23) reported that SMRT/N-CoR interacts with RBP-J and suppresses the RBP-J-mediated transcription by competing with NIC and by recruiting histone deacetylases (HDACs), which renders the chromatin into architecture that is inaccessible to the general transcriptional machinery. In addition, CIR (CBF1 interacting co-repressor), another RBP-J-interacting protein, also suppresses the RBP-J-mediated transactivation by associating with HDAC2 and SAP30 (24) . More recently, Oswald et al. (25) and Kuroda et al. (26) demonstrated that MINT (MSX2-interacting nuclear target protein) (27) , a nuclear matrix protein interacting with SMRT/N-CoR (28), also interacts with RBP-J and suppresses the RBP-J-mediated transactivation by competing for binding sites and by recruiting corepressors, and may thus regulate the Notch signaling pathway.
KyoT is a LIM domain protein that was cloned through its interaction with RBP-J using the yeast two hybrid system (29) . While two isoforms of KyoT (KyoT1 and KyoT2) were identi®ed, only KyoT2 possesses an RBP-Jbinding motif probably generated by alternative mRNA splicing. Biochemical and molecular biological analyses performed by Taniguchi et al. (29) have shown that, through competing stochastically for a binding site on RBP-J with NIC and EBNA2, KyoT2 inhibits transactivation of promoters containing RBP-J recognition sites by NIC and EBNA2. However, a large body of evidence has suggested that LIM domains function as an interface of protein± protein interaction (30±32). We therefore assumed that, in addition to competing for binding sites, KyoT2 might also regulate the RBP-J-mediated transactivation by recruiting other co-suppressor molecule(s) to RBP-J through its LIM domains.
We assessed this assumption by screening a cDNA library to isolate KyoT-interacting molecules using the yeast two hybrid system (33) . The results showed that the cDNA fragments of RBP-J with different length were isolated three times among the positive clones, indicating that the screening was reliable. Sequence analysis of other positive clones showed that one of them was RING1, a member of the polycomb group (PcG) proteins that function as transcriptional suppressors (34±36). In the current study, we showed that RING1 and KyoT2 interacted through the C-terminal fragment of RING1 and the LIM domains of KyoT2 in yeast and in mammalian cells, both in vitro and in vivo. Because KyoT2 associates with RING1 by its LIM domains (this study) and with RBP-J by the C-terminal motif (29) , RING1, KyoT2, and RBP-J may form a three-molecule complex in cells. Moreover, we found that overexpression of RING1 and KyoT2 suppressed transactivation of RBP-J by NIC. The RING1-mediated suppression of RBP-J was abrogated by overexpression of KBP1 (for KyoT-binding protein 1) (33), a protein competing with RING1 for binding to the LIM domains of KyoT2, suggesting that suppression of RBP-J by RING1 was dependent on its association with KyoT2. We suggested that there might be at least two approaches for the KyoT2-mediated suppression of RBP-J, namely competition for binding sites with transactivators and recruitment of suppressors such as RING1 through the LIM domains of KyoT2.
MATERIALS AND METHODS

RT±PCR
Total cellular RNA from cultured Hela cells was prepared using the Trizol reagent (Gibco BRL, Gaithersberg, MD) according to the manufacturer's instructions. cDNA was synthesized using a kit from Gibco BRL with total RNA as a template and oligo-dT as a primer. The coding region of human RING1 cDNA was ampli®ed by PCR using: 5¢ primer, 5¢-GAATTCATGGATGGCACAGAGATTGC; and 3¢ primer, 5¢-TCACTTTGGATCCTTGGTGGGAGC. The ampli®ed fragments were cloned into a T-vector (Promega, Germany) and con®rmed by DNA sequencing.
Yeast two hybrid assay
Coding regions of KyoT1 and KyoT2 cDNA were ampli®ed from the full-length KyoT cDNA clones (kindly provided by T. Honjo) by PCR using primers K1 (5¢-CATATGTCGGA-GAAGTTCGAC) and K2 (5¢-GAATTCTTACAGCTTTTTG-GACAAG), and were inserted in-frame into the multiple cloning sites of pGBKT7 of the yeast two hybrid system 3 (Clontech, Palo Alto, CA), to generate bait plasmids pGBKKyoT1 and pGBK-KyoT2, respectively. The two LIM domains (named LIM1 and LIM2 from the N-terminal of KyoT2) were also cloned by PCR using primers K1 plus K3 (5¢-CTAGTCCTCCCGAGTAGCGCAC) for LIM1, and K2 plus K4 (5¢-GAATTCGCTACTCGGGAGGACTCC) for LIM2, and were inserted in-frame into pGBKT7 (pGBK-LIM1 and pGBK-LIM2). The coding region of the full-length RING1 cDNA was inserted in-frame into pGADT7 to construct a prey plasmid (pGAD-RING1). Prey plasmids with truncated RING1 (pGAD-RING1-N with amino acids 1±242, and pGAD-RING1-C with amino acids 243±377) were generated by restriction digestion and ligation. The bait and prey plasmids were all con®rmed by DNA sequencing and were used to transform the yeast strain AH109 by the LiAc method. The resulting yeast clones were plated on SD/-trpleu-his-ade plates and single colonies were ampli®ed in medium. Yeast cells were collected as the cultures reached exponential stage and were lysed by repeated freeze and thaw in liquid nitrogen, followed by liquid b-galactosidase assay for b-galactosidase activity.
Cell culture and transfection HEK-293, 293T and COS7 cells were cultured in Dulbecco's Modi®ed Eagle's Medium (DMEM) supplemented with 10% fetal calf serum (FCS) and 2 mM glutamine (Gibco BRL). Cells were plated in six-well plates and were transfected the next day using LipofectamineÔ 2000 (Invitrogen Life Technologies, Carlsbad, CA) at a con¯uency of about 80%. Brie¯y, plasmid DNA (with amounts shown in each ®gure legend, brought up to 2 mg in total with empty vectors) was mixed with LipofectamineÔ 2000 in serum-free DMEM and incubated at room temperature for 20 min. The DNA± LipofectamineÔ 2000 complexes formed were added to the cells, and the transfection was allowed to proceed for 6 h. After DMEM containing 20% FCS was added to each well, cells were cultured further in medium for indicated periods of time, and then collected for further experiments.
GST-pull down assay
The N-and C-terminal fragments of RING1 were recovered from pGAD-RING1-N and pGAD-RING1-C, respectively, and were inserted in-frame into the multiple cloning sites of pGEX-4T-1 (Pharmacia, Uppsala, Sweden) and con®rmed by sequencing (pGEX-RING1-N and pGEX-RING1-C). Fusion proteins composed of GST and the RING1 N-terminal fragment (GST-RING1-N) as well as of GST and the RING1 C-terminal fragment (GST-RING1-C) were produced in Escherichia coli, and were puri®ed from the bacterial lysates using the glutathione-Sepharose 4B beads (Pharmacia). The coding region of full-length KyoT2 cDNA was inserted into p CMV 2 -Flag, and the generated plasmid (pCMV 2 -KyoT2-Flag) was used to transfect 293T cells. Cell lysates were prepared 60 h after transfection and were mixed with the puri®ed GST-RING1-N or GST-RING1-C fusion protein bound to glutathione-Sepharose 4B beads. The beads were incubated at 4°C for 2 h, and were washed with a buffer (142.5 mM KCl, 5 mM MgCl 2 , 10 mM HEPES, pH 7.6, 1 mM EDTA, 0.2% NP-40) ®ve times. The associated proteins were then separated by SDS±PAGE with a polyacrylamide concentration of 12%, followed by western blotting with an antiFlag antibody (M2, Sigma, 1:1000). GST was used as a negative control for the experiment.
Competitive GST-pull down assay among RING1, KBP1 and KyoT2 was carried out in a similar way, using GST-RING1-C and His-tagged KBP1 and LIM1 and LIM2 fragments of KyoT2 expressed in E.coli.
Co-immunoprecipitation
Myc-tagged KyoT2 (pCMV-KyoT2-myc) and RBP-J (pCMV-RBP-J-myc) were constructed by inserting full-length KyoT2 and RBP-J cDNA into pCMV-myc (Clontech). Flag-tagged RING1 (pCMV-RING1-Flag), KBP1 (pCMV-KBP1-Flag), and RBP-J (pCMV-RBP-J-Flag) were constructed by inserting full-length RING1, KBP1 and RBP-J cDNA into pCMV 2 -Flag. A luciferase gene fragment was recovered from pGL3-promoter (Promega) and inserted into pCMV-myc to construct Myc-tagged luciferase (pCMV-luc-myc) used as a negative control. All of the constructs were con®rmed by DNA sequencing. Cells were transfected using LipofectamineÔ 2000 with plasmids in combinations as described in the results. Cell lysates were prepared 60 h after transfection by lysing cells with the phospho-lysis buffer (50 mM Tris±Cl, pH 7.5, 150 mM NaCl, 1 mM MgCl 2 , 0.5% NP-40, 1 mg/ml BSA, 0.1 mM PMSF). The cell lysates with equal amounts of total proteins were incubated with an anti-Myc (9E10, Santa Cruz) or the anti-Flag antibody, and were precipitated with protein A-Sepharose 4B beads (Pharmacia). After washing with the phospho-lysis buffer, the co-precipitated proteins were analyzed by SDS±PAGE followed by western blotting using the anti-Flag or the anti-Myc antibody, respectively.
Reporter assay
For the mammalian two hybrid experiments, coding regions of the full-length cDNA of KyoT2 and RING1 were inserted inframe into the multiple cloning sites of pCMX-GAL4-DBD and pCMX-VP16 (NLS) (generously provided by T. Honjo), to generate plasmids pCMX-GAL4DBD-KyoT2 and pCMX-VP16-RING1, respectively. The N-and C-terminal fragments of RING1 were recovered from pGAD-RING1-N and pGAD-RING1-C, and were also inserted in-frame into pCMX-VP16 (NLS) to construct pCMX-VP16-RING1-N and pCMX-VP16-RING1-C. The pCMX-VP16-KBP1 was constructed by inserting KBP1 cDNA into pCMX-VP16 (NLS). All constructs were con®rmed by DNA sequencing. Cells were transfected with pCMX-GAL4DBD-KyoT2 in combination with one of the plasmids expressing VP16 fusion proteins. The reporter construct (TK MH100 Q 4 Luc) was also included in the transfection. Cells were collected 48 h after transfection and were lysed in a hypotonic buffer (91 mM K 2 HPO 4 , 9 mM KH 2 PO 4 , 10% glycerol, 1 mM DTT, 10% Triton X-100). Supernatants were collected after centrifugation and were used to react with Pikagene luciferase reagent (Toyo Ink, Tokyo, Japan). The luciferase activity was read out using a chemo-luminator. Transfection ef®ciency was calibrated by including pSV-b-gal in transfections, followed by examining the b-galactosidase activity in cell lysates. Each experiment was repeated three times and the data were analyzed with the Student's t-test.
Transactivation of RBP-J-responsive promoters was detected as described (26) . Brie¯y, expression vectors for KyoT2 (pEFBOS-KyoT2), RING1 (pEFBOS-RING1) and NIC (pEFBOS-NIC) were constructed by insertion of full-length cDNA of KyoT2, RING1, as well as NIC into pEFBOS-neo. pCMX-VP16-RBP was obtained from T. Honjo. Cells were cultured and transfected with the expression vectors together with the reporter construct pGa981±6, which contains a hexamerized 50 bp EBNA2 response element of the TP-1 promoter and is strictly dependent on RBP-J (37). Cells were collected 48 h after transfection and the luciferase activity was examined as above. pSV-b-gal was included in each transfection as an internal control of the transfection ef®ciency.
RESULTS
KyoT2 suppresses constitutively active RBP-J
KyoT2 is a LIM domain protein suppressing transactivation of RBP-J by NIC and EBNA2 through a competition mechanism, as suggested by Taniguchi et al. (29) . We tested whether KyoT2 could actively suppress transcription by employing a constitutively active form of RBP-J, the RBP-J-VP16, which strongly activates RBP-J-dependent promoters (37) . When cotransfected with the reporter construct, NIC showed strong transactivation of the reporter gene, which was suppressed by KyoT2 in a dose-dependent manner (Fig. 1A) . This is consistent with the competition model, which predicted that KyoT2 suppressed transcription by excluding transactivators such as NIC from RBP-J. This model also predicted that KyoT2 might not suppress transcription mediated by the constitutively active RBP-J-VP16, in which the transactivation domain of VP16 was fused to the C-terminal of RBP-J. However, in this study, as shown in Figure 1A , KyoT2 also suppressed the RBP-J-VP16 moderately but signi®cantly. Similar results were seen when COS7 cells were transfected with the same groups of plasmids (Fig. 1B) . These results suggested that KyoT2 might recruit co-suppressor(s) to actively suppress the RBP-J-mediated transactivation, most probably through its LIM domains that have been regarded as protein-interacting interfaces (30±32) (Fig. 1C ).
KyoT2 interacts with RING1 through LIM domains
We screened KyoT2-interacting molecules using the yeast two hybrid system with KyoT2 as bait. In total, 5 Q 10 6 clones from a human lymph node cDNA library were screened, and the cDNA fragments of RBP-J with different lengths were picked up three times, indicating that the screening was reliable (33) . Among other known and unknown proteins, RING1 was isolated as a candidate of KyoT2-binding proteins. To con®rm the interaction between KyoT2 and RING1, and to identify the potential interacting domains between KyoT2 and RING1, we performed a yeast two hybrid assay with full-length KyoT1 or KyoT2 and RING1 molecules, as well as their truncated derivatives (Fig. 2) . When co-expressed in host yeast cells, signi®cant interaction was detected between KyoT2 and RING1 as well as KyoT1 and RING1, suggesting that KyoT interacted with RING1 through its LIM domains, as KyoT1 is a LIM-only protein and does not possess an RBP-J-binding motif (29) . This was con®rmed by yeast two hybrid assay using single LIM domain (LIM1 or LIM2 from the N-terminal) of KyoT2 as bait, which also showed positive interaction with RING1. On the other hand, while the C-terminal fragment of RING1 showed positive interaction with KyoT2 in yeast, its N-terminal fragment did not interact with KyoT2 in yeast. These results indicated that the LIM domains of KyoT2 and the C-terminal fragment of RING1 might be responsible for the interaction between KyoT2 and RING1 in yeast.
Physical interaction between KyoT2 and RING1
We examined the direct physical interaction between KyoT2 and RING1 using GST-pull down and co-immunoprecipitation assays. Because full-length RING1 was hardly expressed as GST fusion protein in our hands, we employed GST fusion proteins of the N-and C-terminal fragments of RING1 for the GST-pull down experiment. The GST-RING1-N and GST-RING1-C fusion proteins were generated in E.coli and puri®ed, and were used to interact with the Flag-tagged KyoT2 protein expressed by transfection of cultured 293T cells. The GST protein was also prepared and was used as a negative control. The Flag-KyoT2 interacting with RING1 fragments was pulled down and detected by an anti-Flag Figure 3A , consistent with the yeast two hybrid assay, Flag-KyoT2 interacted with GST-RING1-C instead of GST-RING1-N or GST, suggesting that KyoT2 directly interacted with RING1.
A co-immunoprecipitation assay was performed to detect interaction between KyoT2 and RING1 in cells. Cells (293T) were transfected with expression vectors of the Myc-tagged KyoT2 and the Flag-tagged RING1, or the Flag-tagged RBP-J as a positive control. Cell lysates were prepared 60 h after transfection and were incubated with the anti-Myc antibody and protein-A beads, followed by western blotting with the anti-Flag antibody. The results showed that Flag-RING1 and Flag-RBP-J were co-precipitated by Myc-KyoT2 (Fig. 3B) . On the other hand, as a negative control, Myc-luciferase was co-transfected with Flag-RING1 or Flag-RBP-J, but none of these Flag-tagged proteins was detected by anti-Flag after coimmunoprecipitation using the anti-Myc antibody (data not shown and Fig. 4B ). These results indicated that KyoT2 and RING1 interacted physically both in vitro and in vivo.
To examine further whether KyoT2 and RING1 interact in mammalian cells, we employed the mammalian two hybrid assay. We constructed vectors expressing fusion proteins GAL4DBD-KyoT2 and RING1-VP16 as well as RING1-N-VP16 and RING1-C-VP16, and co-transfected these expression vectors with a reporting construct, in which the luciferase gene is under control of a promoter containing GAL4 recognition sites. Luciferase activity in cell lysates was examined 60 h after transfection. The result (Fig. 3C) showed that, while transfection with only GAL4DBD-KyoT2 or only RING1-VP16 expression vector did not activate expression of luciferase in cells, co-transfection of the two vectors stimulated a high luciferase activity in the cell lysates. This suggested that KyoT2 and RING1 could interact in mammalian cells. Moreover, while RING1-N-VP16 showed mild transactivation activity on the reporter gene, RING1-C-VP16 strongly transactivated the expression of the luciferase gene, suggesting that the interaction between KyoT2 and RING1 was mostly mediated through the C-terminal fragment of RING1.
RING1 interacts with RBP-J through KyoT2 in cells
The KyoT2 molecule possesses two LIM domains on its N-terminal and an RBP-J-binding motif on the C-terminal (29) , suggesting that KyoT2 may interact simultaneously with RING1 through the LIM domains, and with RBP-J through the RBP-J-binding motif. We tested the formation of a threemolecule complex of KyoT2, RING1 and RBP-J in cells using the co-immunoprecipitation assay. We co-expressed the Flagtagged RING1 and the Flag-tagged RBP-J in 293T cell with the Myc-tagged KyoT2. Immunoprecipitation was carried out using the anti-Myc antibody 48 h after transfection, and the co-precipitated proteins were detected with the anti-Flag antibody after western blotting. As shown in Figure 4A , Flag-RBP-J and Flag-RING1 were simultaneously co-precipitated with KyoT2, suggesting that KyoT2, RING1 and RBP-J can form a three-molecule complex in cells. The Myc-tagged luciferase, which was used as a negative control, did not coprecipitate with either RING1 or RBP-J (Fig. 4B) . Because RING1 did not directly associate with RBP-J in the yeast two hybrid assay (data not shown) or the co-immunoprecipitation assay (Fig. 4C) , RING1 might be recruited to RBP-J through KyoT2.
RING1 suppresses constitutively active RBP-J as well as transactivation of RBP-J by NIC
KyoT2 is a LIM domain protein that interacts with and suppresses transcription factor RBP-J by competing with transactivators such as NIC and EBNA2 for binding with RBP-J (29) . Our data presented here have shown that KyoT2 may recruit RING1 to RBP-J through its LIM domains. RING1 is a member of the PcG proteins and has transcriptional suppression activity (34) . We therefore tested whether RING1 inhibited the RBP-J-mediated transactivation through interaction with KyoT2 using reporter assays. RBP-J and KyoT2 were expressed in HEK293 cells, while RING1 mRNA could not be detected in the same cells after extensive RT± PCR ampli®cation (45 cycles) (data not shown). To test whether RING1 suppresses transcription mediated by RBP-J-VP16, we transfected HEK293 and COS7 cells using the vectors expressing KyoT2 and RING1, together with the expression vector of RBP-J-VP16 and the RBP-J-speci®c reporter construct, pGa981-6 (37). The results showed that in HEK293 as well as COS7 cells, in the presence of KyoT2, cotransfection of RING1 suppressed transcriptional activation by the constitutively active RBP-J, the RBP-J-VP16 fusion protein ( Fig. 5A and C) . We also tested whether overexpression of RING1 in cultured cells could suppress transactivation of the RBP-Jmediated transcription by one of its physiological transactivators, NIC. As shown in Figure 5B and D, in both HEK293 and COS7 cells, NIC showed a strong transactivation of the RBP-J-dependent reporter construct. This transactivation was suppressed by co-transfection of the full-length RING1 cDNA in a dose-dependent manner in the presence of KyoT2. The N-terminal fragment of RING1 had no suppressive activity to either RBP-J-VP16 or NIC (Fig. 5A±D) . Because RING1 interacts with KyoT2 and KyoT2 associates with RBP-J, we proposed that KyoT2 recruited RING1 to suppress the RBP-J-mediated transcription in cells. Therefore, KyoT2 may suppress the RBP-J-mediated transcription through two ways: one is competition with transactivators for binding sites (29) , and the other is recruitment of co-repressors such as RING1.
We excluded a pan-suppressive activity of RING1 on general promoters using a reporter construct in which luciferase gene was driven by a CMV IE promoter (pCMVluc-myc). No signi®cant suppression of luciferase expression was detected with increasing amounts of RING1, as shown in Figure 5E .
Suppression of RBP-J by RING1 is abrogated by KBP1, which competes with RING1 for binding to LIM domains of KyoT2
To assess the mechanism of the RING1-mediated suppression of RBP-J, we employed KBP1, which encodes 210 amino acids and was identi®ed as another KyoT2-binding protein (33) . In yeast, KBP1 associated with both LIM domains KyoT2 (H.Han, unpublished data). To look at the interaction between KBP1 and KyoT2, we carried out co-immunoprecipitation and mammalian two hybrid assays. As in Figure 6A and B, respectively, both assays showed that KBP1 and KyoT2 interacted with each other in mammalian cells. Moreover, we tested whether KBP1 and RING1 competed for binding to LIM domains of KyoT2 using the in vitro GSTpull down assay. As shown in Figure 6C , while neither of the LIM domains interacted with GST, both showed interaction with the GST-RING1-C fusion protein, which was consistent with the previous result (Fig. 3A) . However, when the recombinant KBP1 protein was included in this assay system, with the amount of KBP1 increasing, the LIM protein associated with GST-RING1-C decreased (Fig. 6C ). This result suggested that KBP1 blocked the interaction between RING1 and LIM domains of KyoT2 probably by binding to KyoT2 at the same sites as RING1.
We then tried to block the RING1-mediated suppression of RBP-J by overexpression of KBP1 in cells. When transfected with the reporter construct, KBP1 did not activate or suppress transcription (Fig. 7, lanes 4 and 11) . However, when transfected together with RING1, we found that overexpression of KBP1 abrogated the suppressive effect of RING1 on RBP-J (Fig. 7) . As KBP1 might compete for binding sites on KyoT2 with RING1 (Fig. 6C) , this result suggested that the suppressive activity of RING1 might be dependent on its association with KyoT2.
DISCUSSION
RBP-J is the main intra-nuclear target of the Notch signaling pathway and mediates transactivation of all the four Notch receptors as well as the EB virus transactivator EBNA2 (2,11).
These transactivators activate transcription of the promoters recognized by RBP-J through binding to a motif of RBP-J and recruiting co-activators such as p300/CBP and GCN5 to the promoter (17, 18) . In the absence of transactivators, RBP-J suppresses transcription (21, 38) . Several transcription cosuppressors such as MINT have been shown to compete with transactivators for the binding motif of RBP-J. More importantly, these suppressors also recruit other co-suppressors including HDACs to RBP-J to suppress the RBP-J-mediated transcription by reducing the accessibility of the chromatin. KyoT2 also suppresses the RBP-J-mediated transcription through competing with transactivators for the binding motif of RBP-J (29). In the current study, we showed that KyoT2 might also inhibit the RBP-J-mediated transcriptional activation by recruiting the PcG protein RING1 to RBP-J through its LIM domains, in addition to competing for binding sites on RBP-J with transcription activators. Our results indicated that KyoT2 interacts with RING1 through its LIM domains in yeast, and the interaction was also detected in mammalian cells. When recruited to RBP-J through KyoT2, RING1 suppressed not only the transactivation of RBP-J by NIC, but also the activity of the RBP-VP16 fusion protein, a constitutively active form of RBP-J, indicating that competition for binding sites may not be the only way for the Our results showed that RING1 associated with both LIM domains of KyoT2, suggesting that multiple RING1 molecules were recruited to RBP-J by KyoT2. RING1 may suppress the RBP-J-mediated transcriptional activation through two mechanisms. First, RING1 itself has a transcriptional repressor activity. As shown by Satijn et al. (34) , when tethered to a promoter of a reporter construct, RING1 actively suppressed transcription from the promoter. Second, RING1 associates with the PcG protein complex (35) . The PcG proteins form a large protein complex in the nucleus and suppress transcription by reducing accessibility of the targeted chromatin regions (35) . Recently, it has been reported that the PcG complex could also be recruited to promoters through interaction with speci®c transcription factors such as the retinoblastoma (Rb) protein, and suppressed transcriptional activation of the promoter (36) .
Transcription memory is supposed to play an essential role in the regulation of cell differentiation (39, 40) . One of the main participants of transcriptional memory is the PcG protein complex. During embryonic development of Drosophila, the PcG proteins are responsible for`memorizing' the transcriptional silencing status of the homeotic genes established by the Gap proteins, while the Trithorax group (TrG) proteins are responsible for`memorizing' the active status of the homeotic genes created by the Pair-rule proteins. Multiple members of the PcG proteins have been identi®ed in mammals. In this study, we reported that the transcription factor RBP-J might be a target of the PcG-mediated transcriptional silencing. As RBP-J is the main nuclear target of Notch signaling, and the Notch signaling pathway plays a pivotal role in the control of cell differentiation, PcG proteins might play a role in regulation of Notch-mediated cell fate speci®cation through memorizing of the transcription status established by the Notch/RBP-J signaling pathway.
